Abstract This paper explores some of the differences between the enactive approach in cognitive science and the extended mind thesis. We review the key enactive concepts of autonomy and sense-making. We then focus on the following issues: (1) the debate between internalism and externalism about cognitive processes; (2) the relation between cognition and emotion; (3) the status of the body; and (4) the difference between 'incorporation' and mere 'extension' in the body-mind-environment relation.
be an autonomous system-one that generates and sustains its own activity and thereby enacts or brings forth its own cognitive domain.
The paradigm cognitive beings are living organisms. According to the enactive approach, what makes living organisms cognitive beings is that they embody or realize a certain kind of autonomy-they are internally self-constructive in such a way as to regulate actively their interactions with their environments (Di Paolo and Iizuka 2008; Thompson 2007; Varela 1979 Varela , 1997 Varela and Bourgine 1991) . Thus autonomy is the crucial organizational property we need to understand if we aim to understand how a system can be cognitively related to the world.
An autonomous system is a system composed of processes that generate and sustain that system as a unity and thereby also define an environment for the system. Autonomy can be characterized abstractly in formal terms or concretely in terms of its energetic and thermodynamic requirements (Thompson 2007, pp. 44-46) . Considered abstractly, for a system to be autonomous, its constituent processes must meet the following conditions:
(1) recursively depend on each other for their generation and their realization as a network; (2) constitute the system as a unity in whatever domain they exist; and (3) determine a domain of possible interactions with the world.
This definition captures what Varela (1979 Varela ( , 1997 ) meant when he proposed that the crucial property of an autonomous system is its operational closure. In an autonomous system, every constituent process is conditioned by some other process in the system; hence, if we analyze the enabling conditions for any constituent process of the system, we will always be led to other processes in the system.
Notice that operational closure does not imply that conditions not belonging to the system cannot also be necessary. On the contrary, for any autonomous organization to be physically realized, the operationally closed network of processes must be thermodynamically open. This point takes us to the second way of characterizing autonomy.
Here the main aim is to specify the energetic and thermodynamic requirements for the instantiation of ''basic autonomy'' in the physical world (Ruiz-Mirazo and Moreno 2004) . From this perspective, basic autonomy is ''the capacity of a system to manage the flow of matter and energy through it so that it can, at the same time, regulate, modify, and control: (i) internal self-constructive processes and (ii) processes of exchange with the environment'' (Ruiz-Mirazo and Moreno 2004, p. 240) .
Putting together the abstract and physical ways of characterizing autonomy, we can state in general terms that an autonomous system is a thermodynamically open system with operational closure that actively generates and sustains its identity under precarious conditions.
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The paradigm case of an autonomous system is the living cell. The constituent processes in this case are chemical; their recursive interdependence takes the form of a self-producing, metabolic network that also produces its own semipermeable membrane; and this network constitutes the system as a unity in the biochemical domain and determines a domain of interactions with the world. This kind of self-producing autonomy at the molecular level is known as autopoiesis (Maturana and Varela 1980; Varela et al. 1974) .
Other candidate autonomous systems include the nervous system, sensorimotor systems, the multicellular body of metazoan organisms, the immune system, and animal and human social groups.
2 Although these kinds of autonomous systems depend on the autopoiesis of their cellular constituents, they are not necessarily autopoietic. Autopoiesis requires (among other things) that the operationally closed network produce and realize itself as a spatially bounded system (see Bourgine and Stewart 2004; Thompson 2007 ). This kind of closure is characteristic of the single-cell, metabolic realizations of autonomy and perhaps of multicellular organisms (see Maturana and Varela 1987, pp. 87-89; Thompson 2007, pp. 105-106) , but not of distributed systems such as the nervous system, the immune system, insect colonies, and so on. In any case, nothing in principle rules out other ways besides autopoiesis of realizing the autonomous organization. Thus, for the enactive approach, it is not autopoiesis as such that provides the crucial bridge to cognition (pace Wheeler, in press), but rather autonomy. To appreciate this point, we need to ask what sort of autonomy is required for cognition.
Sense-Making
Consider motile bacteria swimming uphill in a food gradient of sugar (Thompson 2007, pp. 74-75, 157-158; Varela 1991) . The cells tumble about until they hit upon an orientation that increases their exposure to sugar, at which point they swim forward, up-gradient, toward the zone of greatest sugar concentration. Sugar is significant to these organisms and more of it is better than less because of the way their metabolism chemically realizes their autonomous organization. The significance and valence of sugar are not intrinsic to the sugar molecules; they are relational features, tied to the bacteria as autonomous unities. Sugar has significance as food, but only in the milieu that the organism itself enacts through its autonomous dynamics.
This example is meant to illustrate that even the simplest organisms regulate their interactions with the world in such a way that they transform the world into a place of salience, meaning, and value-into an environment (Umwelt) in the proper biological sense of the term. This transformation of the world into an environment happens through the organism's sense-making activity.
Sense-making is the interactional and relational side of autonomy. An autonomous system produces and sustains its own identity in precarious conditions and thereby establishes a perspective from which interactions with the world acquire a normative status. Certain interactions facilitate autonomy and other interactions degrade it. In Merleau-Ponty's words: ''each organism, in the presence of a given milieu, has its optimal conditions of activity and its proper manner of realizing equilibrium,'' and each organism ''modifies its milieu according to the internal norms of its activity '' (Merleau-Ponty 1963, pp. 148, 154) . Sensemaking is behaviour or conduct in relation to environmental significance and valence, which the organism itself enacts or brings forth on the basis of its autonomy.
Whether we choose to call the sense-making of bacteria cognitive or proto-cognitive is not something we need to dispute here (see Thompson 2007, pp 158-162) . The important point is that a living organism is a system capable of relating cognitively to the world (however we define cognition and wherever we place its biological emergence) because it is a sense-making system, and it is a sense-making system because it is an autonomous system. Bacteria are the simplest kinds of living organisms and they exhibit both autopoiesis and sense-making. But their sense-making cannot be derived simply from their being autopoietic, for mere autopoiesis is not sufficient for sensemaking (Bitbol and Luisi 2005; Bourgine and Stewart 2004; Di Paolo 2005, this issue; Thompson 2007, pp. 122-127, 147-148) . Rather, as Di Paolo (2005, this issue) has discussed, ''adaptivity'' needs to be added to autopoiesis in order to generate sense-making.
Mere autopoiesis-the operationally closed self-production of a chemically bounded network-provides only the all-or-nothing conservation of identity through material turnover and external perturbations to the system, but not the active regulation of interactions with the outside world. Sense-making is normative, but the only norm that autopoiesis can provide is the all-or-nothing norm of selfcontinuance, not the graded norms of vitality (health, sickness, stress, fatigue) implied by an organism's regulating its activity in ways that improve its conditions for autonomy (as when a bacterium swims up a sucrose gradient or swims away from a noxious substance). An adaptive autopoietic system, however, is one that can regulate its states with respect to its conditions of viability in its environment and thereby modify its milieu according to the internal norms of its activity (Di Paolo 2005) . Autopoiesis and adaptivity are jointly sufficient for sensemaking, but mere autopoiesis is insufficient.
We can now say what sort of autonomy is required for sense-making and cognition. What is required is not autopoiesis but adaptive autonomy. In single-celled organisms such as bacteria, adaptive autonomy takes the form of adaptive autopoiesis. Multicellular animals with nervous systems embody more complex forms of adaptive sensorimotor autonomy. Thus it is adaptive autonomy that grounds the deep continuity of life and mind (Thompson 2007) and not autopoiesis as such.
Neither Internalism nor Externalism
The grounding of cognition in sense-making and sensemaking in adaptive autonomy do not imply either internalism or externalism about the processes of cognition. The internalist/externalist debate rests on assumptions that are foreign to the enactive approach.
The enactive approach is not internalist because it allows that the operationally closed networks that realize an autonomous sense-making system can extend beyond the brain, skull, or skin (see De Jaegher and Di Paolo 2007 for social cognition and Cosmelli and Thompson 2009 for the brain and consciousness). Yet one can deny internalism in this way without thereby embracing externalism (contrary to Hurley, in press). To see why we need to consider the assumptions built into the internalist/externalist debate.
Internalists claim that explanations of what constitutes cognitive processes need appeal only to internal factors (relative to some usually unexamined spatial boundary such as the skull). Externalists deny this claim. Yet externalists allow that what goes on entirely inside the head (e.g., some specific neural process) sometimes counts as a cognitive process; their strategy is to argue by counterexample that not every cognitive process can be explained by appealing exclusively to internal factors (see Hurley, in press ). Furthermore, externalists often accept the assumption that what goes on entirely inside the head provides a paradigm of what is a cognitive process, such that if factors outside the head can be shown to have a comparable or equivalent status (e.g., by playing the same role in the production of behaviour), then those external factors count Making Sense of as part of the cognitive process. (This is the so-called parity principle introduced by Clark and Chalmers 1998).
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The enactive approach does not accept these assumptions. What goes on strictly inside the head never as such counts as a cognitive process. It counts only as a participant in a cognitive process that exists as a relation between the system and its environment. Cognition is not an event happening inside the system; it is the relational process of sense-making that takes place between the system and its environment. In Varela's language (1980, 1987) , cognition belongs to the 'relational domain' in which the system as a unity relates to the wider context of its milieu, not to the 'operational domain' of the system's internal states (e.g., its brain states). Of course, what goes on inside the system is crucial for enabling the system's cognitive or sense-making relation to its environment, but to call internal processes as such cognitive is to confuse levels of discourse or to make a category mistake (neurons do not think and feel; people and animals do).
There is a clear parallel here between the enactive approach and the phenomenological notion of intentionality (Varela et al. 1991, pp. 205-206; Thompson 2007, pp. 26-27) . Intentionality is always a relation to that which transcends the present state of the system (where what transcends the system does not have to exist in the sense of being a real entity). In saying that the mind is intentional, phenomenologists imply that the mind is relational. 'Beingin-the-world' (Heidegger) and the 'lived body-environment' (Merleau-Ponty) are different ways of articulating this kind of relation. The spatial containment language of internal/external or inside/outside (which frames the internalist/externalist debate) is inappropriate and misleading for understanding the peculiar sort of relationality belonging to intentionality, the lived body, or being-in-theworld. As Heidegger says, a living being is 'in' its world in a completely different sense from that of water being in a glass (Heidegger 1995, pp. 165-166) .
Di Paolo also makes exactly this point on behalf of the enactive approach in his contribution to this issue. His words bear repeating here:
Cognition is sense-making in interaction: the regulation of coupling with respect to norms established by the self-constituted identity that gives rise to such regulation in order to conserve itself. This identity may be that of the living organism, but also other identities based on other forms of organizationally closed networks of processes, such as sociolinguistic selves, organized bundles of habits, etc. Some of these identities are already constituted by processes that extend beyond the skull. But in any case, cognition is always a process that occurs in a relational domain. Unlike many other processes (e.g. getting wet in the rain) its cognitive character is given normatively and asymmetrically by the self-constituted identity that seeks to preserve its mode of life in such engagements. As relational in this strict sense, cognition has no location. It simply makes no sense to point to chunks of matter and space and speak of containment within a cognitive system. Inspect a baby all you want and you'll never find out whether she's a twin (Di Paolo this issue).
Cognition and Emotion
Sense-making comprises emotion as much as cognition. The enactive approach does not view cognition and emotion as separate systems, but treats them as thoroughly integrated at biological, psychological, and phenomenological levels (Colombetti 2005 (Colombetti , 2007 (Colombetti , 2009 Thompson 2005, 2007; Thompson 2007) . By contrast, the extended mind thesis and the debates it has engendered to-date have neglected emotion and treated cognition as if it were largely affectless problem solving or information processing (Adams and Aizawa 2008; Clark 2007) .
Sense-making is viable conduct in relation to what has salience and value for the system. What has salience and value also has valence: it attracts or repels, elicits approach or avoidance. Such action tendencies in relation to value are the basis of emotion. Hence, as Walter Freeman argues, ''emotion is essential to all intentional behaviours'' (Freeman 2000) .
To describe cognition as embodied action implies that cognition comprises motivated action tendencies and thus is also essentially emotive. Motivated action, especially when it involves affect, is a mode of selfregulation. Cognition as embodied action is more a matter of adaptive self-regulation in precarious conditions than abstract problem solving. The point here is not to deny that we can and do engage in high-level problem solving. Rather, it is that this kind of narrow cognition presupposes the broader emotive cognition of sense-making.
Attention to the inseparability of emotion and cognition is an emerging trend in cognitive science. For example, Marc Lewis (2005) argues that appraisal and emotion processes are thoroughly interdependent at both psychological and neural levels (see also Colombetti and Thompson 2005) . At the psychological level, one is not a mere means to the other (as in the idea that an appraisal is a means to the having of an emotion, and vice-versa); rather, they form an integrated and self-organizing emotionappraisal state, an 'emotional interpretation.' At the neural level, brain systems traditionally seen as subserving separate functions of appraisal and emotion are inextricably interconnected. Hence 'appraisal' and 'emotion' cannot be mapped onto separate brain systems.
In a recent review, Pessoa (2008) provides extensive evidence from neuroscience that supports this view of the neural underpinnings of emotion and cognition. He presents three converging lines of evidence: (1) brain regions previously viewed as 'affective' are also involved in cognition; (2) brain regions previously viewed as 'cognitive' are also involved in emotion; and (3) the neural processes subserving emotion and cognition are integrated and thus non-modular. In Pessoa's view, ''complex cognitive-emotional behaviours have their basis in dynamic coalitions of networks of brain areas, none of which should be conceptualized as specifically affective or cognitive'' (Pessoa 2008, p. 148) .
If affect and action tendencies are inseparable from cognition at neural, psychological, and phenomenological levels, then cognition cannot be either 'body neutral' or 'envatted,' in Shapiro's (2004) terms. 'Body neutrality' is the assumption that bodily features play no significant role in how or what an organism cognizes; 'envattment' is the assumption that there is a clearly defined interface between the body and the mind (Shapiro 2004, p. 169) . Both of these assumptions clearly break down in the face of the integration of emotion and cognition (Colombetti 2007 (Colombetti , 2009 Shapiro 2004, pp. 214-219) .
Nevertheless, disagreement remains about the body's exact status in relation to cognition (Clark 2008 ). This issue brings us to our next contrast between the enactive approach and the extended mind thesis.
The Body
One way (though not the only one) to motivate the special importance the enactive approach gives to embodiment is to appeal to the dynamic interdependency between cognition and emotion (or more precisely between processes traditionally classified as 'cognitive' and ones classified as 'affective'). Complex cognitive-emotional behaviours-'emotional interpretations' or 'appraisal-emotion amalgams' (Lewis 2005 )-essentially involve organismic processes of self-regulation aimed at sustaining and enhancing adaptive autonomy in the face of perturbing environment events. As Damasio (1999) especially has emphasized, emotion is the way the brain and the rest of the body jointly sustain homeostasis throughout the organism's dealings with its environment.
Given that extended-mind theorists neglect emotion and view cognition as primarily high-level problem solving, it is not surprising that they also accord less importance to the biological details of embodiment than do other embodiedmind theorists (e.g., Shapiro 2004) . Thus Andy Clark concludes that ''the body, insofar as it is cognitively significant, turns out to be itself defined by a certain complex functional role,'' that of being ''the locus of willed action, the point of sensorimotor confluence, the gateway to intelligent offloading [for problem-solving computations], and the stable (though not permanently fixed) platform whose features and relations can be relied upon in the computation of certain information-processing solutions'' (Clark 2008, pp. 55-56) . In keeping with functionalism generally, Clark advocates that we simply identify the body with this functional role (and with whatever can possibly realize this functional role). For the purposes of explaining cognition, the body is simply ''whatever plays these roles in a unified information-processing economy'' and it is ''merely a contingent (and increasingly negotiable) fact about human embodiment'' that the body is also a metabolic entity (ibid., p. 56).
This characterization of the body's functional role preserves the traditional functionalist conception of cognition as fundamentally distinct from emotion. Emotion nowhere figures in this account of the body and its cognitive capacities (''the body insofar as it is cognitively significant''). In this way, Clark's conception of cognition remains strongly allied with traditional (disembodied) cognitive science.
For this reason, we question Shapiro's use of the extended mind thesis to argue against the 'envattment' assumption that there is a clearly defined interface between the body and the mind (Shapiro 2004, p. 183 ). Shapiro's thought is that if the mind extends beyond the brain into the body and the environment, then the mind and the body ''cannot be distinguished as separate components within a single system'' and thus have no ''clean interface' ' (p. 183) .
What Shapiro overlooks, however, is that the extended mind thesis winds up treating cognition and emotion as if they were separate components that must interface because this thesis preserves the traditional functionalist conception of cognition.
As Shapiro discusses, the containment of the mind with respect to the body does not require spatial localization: ''The mind could still count as envatted if the biological parts that realize it were spread across the body… If the parts that realize the mind all work toward the solution of similar problems, communicate with each other more than they do with other parts of the body, receive and send information from and to the body through clearly articulated channels, and so on, then the mind can be envatted Making Sense of Sense-Making 27
despite not having a spatially localized realization'' (Shapiro 2004, p. 214 ). Clark's (2008) characterization of the functional role of the body treats cognition as functionally contained in precisely this way in relation to emotion. Cognition extends to include the sensorimotor body characterized in functional or computational terms, but is compartmentalized (envatted) in relation to the physiological body of emotion. Cognition and emotion remain cleanly separable.
We believe that the recent theories and findings from the psychology and neuroscience of emotion reviewed above count strongly against this envatted view of cognition. Instead, they support the enactive conception of cognition/ emotion as self-regulating and valenced sense-making (Thompson 2007, pp. 360-381; Varela and Depraz 2005 ).
Clark's assessment of the cognitive role of the body flows from the information-processing and functionalist models on which the extended mind thesis rests. As he writes, ''The body is special. But we should understand its specialness through the familiar lens of our best information-processing models of mind and cognition '' (2008, p. 58 ).
Here we come upon a fundamental difference between the enactive approach and the extended mind thesis. The enactive approach regards these information-processing models as limited. From the enactive perspective, their problem is fundamental: they do not explain autonomy and hence cannot explain cognition.
Information-processing models of the mind leave unexplained the autonomous organization proper to cognitive beings because they treat cognitive systems as heteronomous systems (Thompson 2007, pp. 43-60; Varela 1979; Varela et al 1991, pp. 139-140 ; see also Di Paolo and Iizuka 2008) . These models characterize cognitive systems in terms of informational inputs and outputs instead of the operational closure of their constituent processes. As a result, they do not explain how certain processes actively generate and sustain an identity that also constitutes an intrinsically normative way of being in the world.
Cognition or sense-making is the intentional and normative engagement of the system with its environment. One of the basic propositions of the enactive approach is that being autonomous is a necessary condition for a system to embody original intentionality and normativity. Unless the processes that make up a system constitute that system as an adaptive self-sustaining unity, there is no perspective or reference point for sense-making and hence no cognizing agent. Without autonomy (operational closure) there is no original meaning; there is only the derivative meaning attributed to certain processes by an outside observer.
What relevance do these considerations have for the status of the body? Clark proposes that the body is ''just one element in a kind of equal-partners dance between brain, body, and world, with the nature of the mind fixed by the overall balance achieved'' (Clark 2008, pp. 56-57) . For the enactive approach, the body (including the brain) leads in this dance because it is what realizes the autonomous organization necessary for individual agency and sensemaking. 4 In making this statement, we do not assume that the brain is to be strictly identified with the central nervous system or that the body is to be demarcated by the skin. Both the nervous system and the body are compositionally plastic. They can alter their structure and dynamics by incorporating (taking into themselves) processes, tools, and resources that go beyond what the biological body can metabolically generate (e.g., artificial organs and neural and sensorimotor prostheses). We develop this point in the last section of our paper.
Incorporation Versus Extension 5
The enactive approach allows that the living system considered metabolically can constitutively include resources and processes beyond its body. Di Paolo (this issue) gives a nice example. Certain insects can breathe underwater by trapping air bubbles with tiny hairs in their abdomen. The bubbles form a thin permanent layer of air (a plastron) around the body and act as a physical gill. As Di Paolo notes, ''The mediation [of regulated environmental coupling] in cases like this is so intimately connected with vital functions that the living system itself might be called extended. '' In these cases, the living system extends by dint of the body's capacity to incorporate environmental processes into the operationally closed network of processes that constitutes its autonomy. It is this incorporation (literally, a taking into the body) that extends the body and creates a new organ (the physical gill) for adaptive coupling with the environment. Incorporation is one way that the body can lead in the body-world dance.
Following De Preester (2008) , we wish to distinguish between tools and aids that merely 'extend' the body and ones that the body 'incorporates' so that they become in effect prostheses. Resources that extend the body are familiar features of our environment-pens, scissors, cars, computers, and so forth. These entities are artifacts that we use and control in order to extend our abilities. Tools that the body incorporates also extend our abilities but they have a phenomenologically different status.
To explain the phenomenological status of incorporation we need to distinguish between two ways of experiencing the body-the body-as-object and the bodyas-subject (Legrand 2006 (Legrand , 2007a . The body-as-object is the body perceived and recognized as mine (e.g., ''These are my hands.''). The body-as-subject is a structure of experience; it is that through which the world is experienced. As such, the body-as-subject is transparent: ''The body is transparent in the sense that one looks through it to the world. At this level, pre-reflective bodily experience is precisely the experience of the world as given through the 'transparent body.' The latter is not perceived as an object but experienced specifically as a subject perceiving and acting, that is, in-the-world'' (Legrand 2007b, p. 504) .
We suggest that environmental resources that are incorporated gain this transparency. They are no longer experienced as objects; rather the world is experienced through them. The classic example is Merleau-Ponty's (1962) case of the blind man and his cane. Once skilled at using the cane, the blind man does not experience the cane as an object; instead, he experiences the world at the end of the cane. The cane has become transparent to him.
This sort of transparency also occurs for prosthetic limb wearers who report feeling things coming into contact with their limbs: ''One of the major factors in my satisfaction with a new prosthesis is how little I feel it. That may sound strange, but to me, my prosthesis is an extension of my body. I can actually 'feel' some things that come into contact with it, without having to see them… It must 'feel' as close to not being there as possible' (Murray 2005, cited by De Preester 2008) .
As De Preester (2008) discusses, recent evidence from neuroscience and psychology casts light on incorporation and phenomenal transparency. For example, a number of studies have shown that neural networks containing maps of peripersonal space can be significantly modified through tool use (Maravita and Iriki 2004; Maravita et al. 2003) . The nonconscious body schema and the conscious awareness of the body can extend to include noncorporeal and inanimate objects (Berlucchi and Aglioti 1997) . Studies of the so-called 'rubber hand illusion' also suggest that the feeling of body ownership can extend to prostheses (Tsakiris et al. 2006) .
Based on these findings, we propose the following 'transparency constraint': For anything external to the body's boundary to count as a part of the cognitive system it must function transparently in the body's sense-making interactions with the environment. We also hypothesize that tools and aids that conform to transparency are incorporated into the neurophysiological body schema.
The transparency constraint is nontrivial. Sweeney Todd is an accomplished barber far exceeding his peers, but he may never experience the world through his scissors as Edward Scissorhands does. Although biological attachment is not a requirement for transparency, some kind of intimate coupling with the body's autonomous dynamics is necessary. Spelling out the forms this coupling can take is a difficult task, but from the enactive perspective the key constraint is that external resources be subject to active regulation by the body. Once again, the body has to be capable of leading the dance.
In conclusion, we propose that the transparency constraint can usefully inform research proceeding under the banner of the extended mind theory. It suggests a way to distinguish between environmental resources that the cognitive system simply uses instrumentally and resources that come to constitute the cognitive system over some stretch of time. It enables us to raise phenomenological questions that can in turn guide neuroscientific and psychological investigations. To what degree does Otto experience his notebook as an object and to what degree does the notebook function transparently as a way for him to experience himself in the world? To what degree has Otto's body schema incorporated his notebook? Has Otto's sense of body ownership extended to include the notebook?
These are the sorts of tractable questions that enactive and extended mind theorists should be trying to answer, not the questions posed in the dichotomous and inappropriate categories of inside versus outside.
